To determine the long-term carriage patterns, strain relatedness, and incidence of subsequent infections among methicillinresistant Staphylococcus aureus (MRSA) and methicillin-susceptible S. aureus (MSSA) carriers, we screened 154 high school students for nasal carriage of S. aureus on 8 occasions over 11 months. Persistent carriage was defined as a positive culture on >7 occasions. Two consecutive isolates from the same subject comprised a pair, and strain relatedness was determined for each pair by molecular typing. 
S
taphylococcus aureus is an extraordinarily versatile pathogen that can survive under hostile external environmental conditions, colonize mucous membranes and skin, and cause severe nonpurulent toxin-mediated disease or severe invasive purulent infections in humans (1, 2) . Carriage of S. aureus in the nose is a known risk factor for the development of subsequent staphylococcal infection in selected populations (3, 4) . Data obtained from longitudinal studies, mostly on methicillin-susceptible S. aureus (MSSA), suggest that there are 3 major patterns of S. aureus colonization in the general population, which are persistent carriage (20%), intermittent carriage (30%), and noncarriage (50%) (3, 5) . Persistent carriers appear to have higher rates of subsequent infections and lower levels of immunoglobulin to staphylococcal antigens than those in the other 2 groups (4, 5) .
In the past decade, infections caused by methicillin-resistant S. aureus (MRSA) strains have been increasingly identified in previously healthy hosts. MRSA has been the dominant cause of community-associated (CA) skin and soft tissue infections in many regions of the world (6, 7) . The long-term carriage pattern of CA-MRSA in healthy hosts is less commonly reported and may be distinct from currently known patterns, which are mostly derived from observations on MSSA. In Taiwan, MRSA has accounted for Ͼ50% of childhood CA infections since 2005 (8) . Carriage of MRSA in the nose was identified in 7.8% and 3.7% of the pediatric and adult populations in Taiwan, respectively (7, 9) . The individuals with an increased risk of MRSA carriage included very young children (2 to 6 months old), those living in a crowded environment (i.e., with greater number of siblings, attending day care), adults with household members Ͻ7 years old, or those who received antibiotic treatment in the preceding year.
To better understand the carriage pattern of MRSA, the strain relatedness of consecutive isolates, and the incidence of subsequent infection in healthy individuals, we conducted an 11-month study investigating the status of S. aureus colonization in healthy individuals from a region in which MRSA is endemic.
MATERIALS AND METHODS
Ethical statements. All 10th-grade students registered in a high school in the suburban areas of northern Taiwan were invited to participate in this study. Students were enrolled if informed consent was obtained from both the participants and their parents or legal guardians. This study was approved by the institutional review board of Chang Gung Memorial Hospital in May 2010.
Study design. This 11-month longitudinal study was conducted from August 2010 to July 2011. A standardized questionnaire-based interview was used to collect the epidemiological information of each enrolled subject. The collected information included demographics, underlying conditions, lifestyle and health conditions, and conditions of the household family members (Table 1) . These variables were hypothesized as being potential factors that are associated with S. aureus and/or MRSA colonization. The data from the written questionnaires were digitized and cleaned before being processed by statistical analysis.
A cotton swab sample from both anterior nares was obtained from each participant for S. aureus isolation by 2 investigators (S.-C.W. and H.-Y.C.) and a study assistant. The nasal swabs were immediately placed in transport medium (Venturi Transystem; Copan Innovation Ltd., Limerick, Ireland) and transported to the microbiology laboratory at Chang Gung Memorial Hospital for the detection of S. aureus by standard meth-ods. The nasal swab was performed at monthly intervals during the first 5 months and at 3-month intervals during the last 6 months of the study. A total of 8 nasal swabs were thus obtained from each participant during the 11 months of the study. Persistent and intermittent carriages were defined as 7 or 8 positive cultures and 1 to 6 positive cultures, respectively, on 8 nasal swab-sampling occasions.
Active surveillance of staphylococcal diseases. All participants were asked to report any illness during the study period. In addition, at the time of obtaining nasal swabs, acute cutaneous lesions were investigated by the 2 investigators (S.-C.W. and H.-Y.C.). The health condition of each subject was also surveyed by phone calls every two weeks. Subjects with putative staphylococcal diseases were transferred to clinics of the Chang Gung Memorial Hospital and were reassessed by the primary investigator (C.-J.C.). Specimens from the site of the acute cutaneous lesions, if available, were collected for the culture of S. aureus. Such subjects were followed until the total resolution of the symptoms and signs of infections was confirmed.
Characterization of S. aureus isolates. Identification of S. aureus was performed according to the standard procedure described elsewhere (7), and MRSA status was confirmed according to Clinical and Laboratory Standards Institute 2011 guidelines. The isolates were further characterized using molecular methods. Protein A gene (spa) typing was performed for each S. aureus isolate. The polymorphic X region of spa was amplified by PCR with the primers 1095F (5=-AGACGATCCTTCGGTGAGC-3=) and 1517R (5=-GCTTTTGCAATGTCATTTACTG-3=) (10) . PCR products were sequenced and spa types were assigned by analysis of the nucleotide sequences using BioNumerics version 6.5 (Applied Maths NV). The isolates that we could not spa type were determined by multilocus sequencing typing (MLST) (http://www.mlst.net) (11) . Allelic profiles were assigned through a comparison of the sequences from each locus with the sequences of the known alleles in the S. aureus MLST database, and these were defined accordingly as sequence types. Pulsed-field gel electrophoresis (PFGE) was performed with strains for which the spa types or MLST could not be determined. The PFGE typing and analysis of PFGE patterns are described elsewhere (12) .
The presence of Panton-Valentine leukocidin (PVL) genes was determined in all S. aureus isolates by a PCR technique described by Lina et al. (13) . Staphylococcal cassette chromosome mec element (SCCmec) typing of MRSA isolates was performed using a multiplex PCR strategy described in a previous study (14) . The control strains for SCCmec types I, II, III, and IVa, kindly provided by Keiichi Hiramatsu, were S. aureus NCTC10442, N315, 85/2082, and JCSC4744, respectively. SCCmec typing for type V T was determined by using a particular primer described elsewhere (15) , and S. aureus strain TSGH-17, kindly provided by Chi-Chien Wang, was used as a control.
Determination of genetic relatedness among consecutive isolates. Two consecutive isolates from the same participant comprised a strain pair. Strain relatedness was investigated in isolates accounting for each pair. Isolates in a pair were interpreted as indistinguishable if they had the same profile with regard to spa typing, MLST or PFGE pattern, and PVL 
RESULTS

Epidemiological features and yield rate of nasal swab cultures.
A total of 163 high school students were recruited to this study. Nine subjects who withdrew from the study or did not complete all nasal swabs for any reason were excluded from the final analysis. Of the remaining 154 participants, 72 (46.8%) were female. The participants were distributed among 15 classes with a median of 9 participants in each class (range, 1 to 20). The demographics and epidemiological features of the participants are displayed in Table 1 .
Across the 8 nasal swab-sampling occasions, a total of 1,232 nasal swab samples were obtained from the 154 participants. Cultures from these swabs yielded 323 (26.2%) S. aureus strains, including 45 MRSA (3.7%) and 278 (22.6%) MSSA strains. The detailed carriage rates of MRSA and MSSA from each sampling occasion in the survey are shown in Fig. 1 . Among 45 MRSA isolates, 7 genotypes were identified by a combination of spa types, SCCmec types, and the presence of PVL genes. spa type t437 (equivalent to sequence type 59 [ST59]) and SCCmec type IV/V T were predominant and were identified in 31 (68.9%) and 35 (77.8%) MRSA isolates, respectively. PVL genes were identified in 18 (40%) MRSA isolates, which is significantly higher than the number identified in MSSA isolates (9 [3.2%]; P Ͻ 0.0001).
Factors associated with MRSA and MSSA carriage. Of 154 participants, MRSA carriage and MSSA carriage at any sampling occasion in the survey were identified in 12 (7.8%) and 63 (40.9%) subjects, respectively. The epidemiological factors associated with MRSA and MSSA carriage are displayed in Table 1 . Multiple logistic regression analysis identified having a family member who works at a health care facility (25% versus 6.3%; adjusted odds ratio [aOR], 8.98; P ϭ 0.0184), having young children at home (75% versus 45.6%; aOR, 6.46; P ϭ 0.0318), and making regular visits to health care facilities (25% versus 3.8%; aOR, 23.8; P ϭ 0.0042) as independent factors for MRSA carriage (Table 2 ). There was no significant factor associated with increased risk of MSSA carriage. Female gender appeared to be a protective factor against MSSA carriage and accounted for 34.9% of MSSA carriers and 54.4% of noncarriers (aOR, 0.45; P ϭ 0.0256) ( Table 2) .
Carriage patterns and epidemiological factors of persistent carriage. The incidences of persistent, intermittent, and noncarriage stratified by MRSA, MSSA, and S. aureus are shown in Table  3 . Seventy-nine (51.3%) subjects did not carry S. aureus at any sampling occasion. Persistent carriage was identified in 23 (14.9%) subjects, including 3 MRSA and 20 MSSA carriers. The incidences of persistent carriage were not significantly different between MRSA carriers and MSSA carriers (3/12 versus 20/64; P ϭ 0.7449, Fisher's exact test) ( Table 3) . Frequent visits to medical facilities for any reason was the only significant epidemiological factor associated with persistent carriage of S. aureus, and it was more frequently identified in persistent carriers than in noncarriers ( Tables 4 and 5 . The MRSA isolates comprised 33 strain pairs, and all (100%) of them were of indistinguishable genotypes. For MSSA carriers, a total of 215 strain pairs were identified, and 173 (80.5%) pairs of these were of indistinguishable genotypes ( Table 6 ). The overall incidence of carrying indistinguishable strains was significantly lower in MSSA carriers than in MRSA carriers (P ϭ 0.0053). The difference remained significant when the comparison was made between the 2 groups of persistent carriers (80.0% versus 100%; P ϭ 0.0263) ( Table 6 ). The MSSA intermittent carriers also had a lower incidence of carrying indistinguishable strains than did MRSA intermittent carriers (81.3% versus 100%, respectively), though the difference did not reach statistical significance due to the relatively small number of strain pairs (P ϭ 0.1155) ( Table 6 ).
Subsequent infections. During the 11 months of study, 5 subjects developed cellulitis involving the feet (2 cases), an arm (1 case), buttocks (1 case), and periorbital area (1 case). Unfortunately, no specimens were available for culture in these cases. Of the 5 subjects with infections, 2 subjects were MRSA intermittent carriers (see Table 4 , subjects 119 and 142), 1 subject was an MSSA intermittent carrier who had 5 consecutive positive cultures from the 4th to 8th sampling occasions, and the other 2 subjects were S. aureus noncarriers. The infection incidence was higher for MRSA carriers (16.6%) than for MSSA carriers (1.58%) and noncarriers 
The genotype of each strain is presented as spa type (or sequence type [ST]), and carriage of PVL genes is presented in superscript. Shaded cells indicate that genotypes of 2 consecutive isolates (pairs) were indistinguishable. b Some strains from subjects 52 and 61 were genotyped by pulsed-field gel electrophoresis (types AV1 and BU, respectively), because they could not be determined by either MLST or spa typing.
(2.53%), but this was not statistically significant (P ϭ 0.0632 and P ϭ 0.0828, respectively, by Fisher's exact test).
DISCUSSION
The results from the current study demonstrate that half of the Taiwanese adolescents had persistent (14.9%) or intermittent (33.8%) nasal carriage of S. aureus. These data are in agreement with those of previous investigations (3, 5) . It is accepted that persistent carriers differ from intermittent carriers and noncarriers in many ways, including having higher bacterial loads in the nose, lower levels of immunoglobulins G and A against staphylococcal antigens, and a greater incidence of subsequent infections (16, 17) . Studies have further demonstrated that persistent S. aureus carriers tend to carry the same strain, whereas intermittent carriers may carry different strains over time (18, 19) . The identification of persistent carriers, particularly those carrying MRSA, followed by the implementation of effective measures to eliminate the carried strains, may help control the spread of MRSA in the community and lessen the burden of staphylococcal diseases (20) . However, after analyzing the genotypes of 2 consecutive isolates from the same subjects, we did not observe the above-mentioned differences between persistent carriers and intermittent carriers (see Table 6 , indistinguishable genotypes). Rather, the most significant finding from the current study was the different behaviors of MRSA and MSSA strains in long-term nasal colonization. MRSA carriers tended to carry identical strains either persistently or intermittently, whereas approximately 20% of the MSSA carriers demonstrated changes in the strain carried during the study period, irrespective of whether they were persistent or intermittent carriers. This finding was unexpected and can be misleading due to the relatively small number of MRSA carriers in the current study and the fact that the MRSA strains were frequently predominantly limited clones in a defined environment (21, 22) . Indeed, previous molecular epidemiology studies of CA-MRSA indicated that a prevalent clone, ST59, was circulating in Taiwan and accounted for Ͼ80% of MRSA carriage isolates in both pediatric and adult populations (7, 9) . The majority of nasal MRSA isolates in the current study were also of the ST59 clone (equivalent to spa type t437). Nevertheless, despite the predominance of ST59 in the environment of the study site, we observed intermittent non-ST59 MRSA carriers who were recolonized by their original strains after a 6-to 8-month interval (e.g., see Table  4 , subjects 29 and 119).
Furthermore, MRSA ST59 consists of several subclones that can be distinguished by simultaneously applying multiple typing methods. The indistinguishable genotypes defined in the current study were determined by identical molecular characteristics of the strains, including spa type and SCCmec type, along with the presence of PVL genes. This classification method should largely minimize the misclassification of strain relatedness due to the colonization by a predominant clone.
MRSA strains appear to be capable of colonizing humans for an extended period of time. In a follow-up study involving patients with clinical culture or surveillance tests that were positive for MRSA, approximately 50% and 20% of patients remained colonized by MRSA after 1 year and 4 years later, respectively, although the strain relatedness was not defined in that study (23) . We believe that the different behaviors of MRSA and MSSA colonization observed in the current study are unlikely to be markedly biased. It appears that MRSA differs from MSSA not only because it harbors resistance to antimicrobial agents but also because it may involve interaction with hosts during nasal colonization.
Risk factors for MRSA colonization were usually evaluated at the time of hospital admission but were less commonly reported in healthy individuals. In 1 large-scale surveillance study, we investigated the epidemiological factors associated with MRSA colonization among 6,057 healthy children (7) . Young children (i.e., age 2 to 6 months old) and children who spent much time in a crowded environment (i.e., with a greater number of children in the family, or attending day care) had a significantly higher risk of MRSA colonization. This finding was supported by the observation in the current study that the adolescents with younger siblings were more likely to carry MRSA than those without. Although a majority of the MRSA nasal isolates were of the CA genotype (i.e., SCCmec type IV or V), it was intriguing to note that exposures to health care facilities either directly (regular visits to health care facilities) or indirectly (household members who are medical staff) increased the risk of colonization. Hosts who had underlying conditions that required regular medical attention may partly explain this association. Alternatively, this observation may be due to the spread of CA-MRSA to hospitals. Indeed, we have noted an increasing trend of strains with CA genotypes being found in nosocomial MRSA bloodstream infections in the past few years (24, 25) .
Data from the present study reflect that frequent visits to health care facilities was the only epidemiological factor associated with persistent carriage of S. aureus. A host factor may be implicated in the long-term carriage of S. aureus; unfortunately, we were unable to characterize these factors, such as the genetic differences between persistent and other types of carriers. Similar studies investigating the mechanisms of persistent carriage revealed several persistent carriage-associated genetic factors, including polymorphisms in the inflammatory response genes (i.e., C-reactive proteins, complement factor H, interleukin-4) and the gene encoding the glucocorticoid receptor (26, 27) .
Gender appeared to be a significant factor affecting MSSA colonization in this adolescent population. The higher incidence of S. aureus colonization in males than in females has been identified in several studies, including a population-based study involving 9,622 persons aged Ն1 year old in the United States (28) . Intriguingly, we did not recognize such an association in the surveillance study in Taiwanese children aged 2 to 60 months (7) . The female sex hormones, particularly estrogen, which have a potent immune-modulating effect, may modify the host innate immunity and have an impact on S. aureus colonization. This speculation is supported by a recent study conducted in Germany, which dem- onstrated a substantial impact of hormonal contraceptives on S. aureus carriage in young women (29) . Alternatively, gender may be a covariate to other significant epidemiological factors, such as personal hygiene habits; however, these data were not collected and analyzed in the current study. Colonization with S. aureus has been identified as an important risk factor for the development of S. aureus infections in both community and hospital settings (4, 30) . Evidence further suggests that colonization with MRSA or strains harboring virulence genes imposes a significantly greater risk for the development of subsequent infections than does colonization with MSSA (31) . The enhanced virulence of CA-MRSA has been well recognized, and the underlying mechanism has gradually been revealed over the past few years (32) (33) (34) (35) . Although our data also suggest a greater virulence potential for MRSA strains, we were unable to draw any definite conclusion on autoinfections of the carried S. aureus strains due to the limited cases with subsequent infections, and because no responsible pathogen was isolated from the diseased subjects. Further study with a greater number of subjects is warranted to address this question.
To our knowledge, there has been no long-term regular follow-up study on MRSA carriage in healthy individuals. Our data suggest that healthy individuals with certain risks were more likely to be colonized with MRSA and to develop subsequent infections. The MRSA strains from the same individuals were usually of indistinguishable genotypes, whereas in 20% of MSSA carriers, irrespective of persistent or intermittent carriage, the carried strain changed during the period of carriage. Screening healthy individuals who are at risk for MRSA carriage, followed by effective decolonization measures, may help interrupt the spread of this pathogen and ease the burden of CA-MRSA disease.
